Objective: To compare methods for estimating discretionary salt intake, that is, salt added during food preparation and consumption in the home. Setting: The study was carried out in a rural Guatemalan village. Subjects: Subjects were selected non-randomly, based on their willingness to cooperate. Nine mother-son dyads participated; the sons were aged 6 ± 9 y. Interventions: Three approaches for estimating the discretionary salt consumption were used: 24 h recall; collection of duplicate portions of salt; and urinary excretion of lithium during consumption of lithium-labelled household salt. Total salt intake was assessed from the excretion of chloride over 24 h. Results: The mean discretionary salt consumption based on lithium excretion for mothers was 3.9 AE 2.0 gad (mean AE s.d.) and for children 1.3 AE 0.6 gad. Estimates from the 24 h recalls and from the duplicate portion method were approximately twice and three times those measured with the lithium-marker technique respectively. The salt intake estimated from the recall method was associated with the lithium-marker technique for both mothers and children (Spearman correlation coef®cient, 0.76 and 0.70 respectively). The mean daily coef®cient of variation in consumption of discretionary salt measured by the three methods, for mothers and boys respectively, were: lithium marker, 51.7 and 43.7%; 24 h recall, 65.8 and 50.7%; and duplicate portion, 51.0 and 62.6%. Conclusions: We conclude that an interview method for estimating discretionary salt intake may be a reasonable approach for determining the relative rank-order in a population, especially among female food preparers themselves, but may grossly overestimate the actual intake of salt added during food preparation and consumption.
Introduction
Sodium in foods can originate from various sources, some is naturally present in foods, some is added during the industrial preparation and processing of foods, often in the form of sodium chloride, while some is discretionary being added during food preparation and consumption in the home (cooking and table salt).
In studies of the relationship between salt intake and hypertensive vascular disease (Intersalt Cooperative Research Group, 1988; Khaw & Barrett-Connor, 1988; Tuomilehto et al, 1980; Alderman et al, 1998) or in diet therapy for patients with renal insuf®ciency, hepatic diseases or congestive heart failure (Thomas, 1994) , emphasis on the total dietary delivery of sodium is the focus of attention. The discretionary component of sodium chloride is of special interest. Not only is it a contributor to total sodium intake but, given the almost universal and constant consumption of salt, it is also a potential vehicle for delivering micronutrients. It has extensively been used for delivery to populations of iodine (Venkatesh Mannar, 1994) , and has been considered for other nutrients, such as¯uoride (Wespi, 1989) and iron (Sayers et al, 1974) , as well.
To assess the intake of salt, various methods have been used in the past. In individuals with normal renal function, the 24 h excretion of sodium in urine provides an accurate approximation of the intake the previous day (Bates & Thurnham, 1997) . To determine the proportion of dietary sodium which is discretionary, traditional methods of dietary assessment including 24 h recalls or records (Pietinen, 1982; Holbrook et al, 1984; Caggiula et al, 1985; Mattes & Donnelly, 1991; Olubodun et al, 1997) , dietary history (Cerqueira et al, 1979; Van Dokkum et al, 1989) or food frequency questionnaires (Sowers & Stumbo, 1986; Pietinen et al, 1982; O'Donnell et al, 1991) have been used. Although the person preparing the food knows how much salt is added during food preparation, others in the household consuming the food are usually unaware of the amount of salt added.
Duplicate portion techniques are well established for assessing total nutrient intake and are considered to be one of the most accurate methods available for assessing habitual dietary intake (Bingham et al, 1995) . The method has been used to assess the intake of sodium and a number of trace elements (Clark & Mossholder, 1986; Anderson et al, 1993) . Because of the dif®culty of recalling the discretionary use of salt, especially in cooking, we adapted the duplicate portion method for estimating household salt use. To our knowledge, this is the ®rst time this method has been applied in the ®eld to questions of sodium chloride consumption in the home.
Another method is that of`household salt disappearance'. With this method, the amount of salt or foods containing salt entering the household as gift, purchase andaor barter over a speci®c time period is estimated by questionnaire. Using a factor to estimate intra-householdmember distribution, an estimate of individual intake can be calculated (Pietinen, 1981; Edwards et al, 1989) . Based on salt purchase, the average salt intake in Guatemala has been estimated to be 11 and 9 g per capita per day in rural areas and the capital, respectively (Ministerio de Salu Âd Publica y Asistencia Social, 1996) .
Recognizing that all dietary assessment methods have their limitations in both precision and accuracy, the validity of two of the methods mentioned above Ðthe 24 h recall and the duplicate portion methods Ðwere of interest to us in the context of ®eld testing the method for tracking discretionary salt intake with lithium-labelled salt via its excretion in quantitative collections of urine (SanchezCastillo et al, 1984 (SanchezCastillo et al, , 1987a James et al, 1987; Leclerq et al, 1990) . While exploring this method in a rural, Guatemalan village as part of a multicenter collaboration between Guatemala and Benin (Melse-Boonstra et al, 1998), we have compared the values registered for total discretionary salt intake using 24 h recall, duplicate portion, and lithium labelled salt. The values provided by the various approaches have been correlated and cross-calibrated.
Subjects and methods

Location
The study was conducted in Buena Vista, a village of about 1700 inhabitants in the municipality of San Pedro Sacatepe Âquez at 2500 m above sea-level in the central highlands of Guatemala. The village is 2 km from the township San Pedro, which is 20 km from the center of the Republic's capital, Guatemala City. The climate is temperate and dry, with a mean temperature of 16 C. Ninety percent of the population is of indigenous origin; most women wear traditional dress while men wear western clothes. The indigenous inhabitants speak Cakchiquel, one of the 20 Mayan dialects spoken in the country. Some people, especially women, do not speak Spanish. Most women are illiterate. Selling of agricultural products and handmade clothes are the main sources of income. There is one bakery, and about 15 small shops (tiendas) which sell basic groceries.
Preparation of the salt
The lithium-labelled salt given to the subjects was prepared by AKZO-Nobel (The Netherlands), according to the method described by Sanchez-Castillo et al, 1987b . Grain size was set on 300 ±800 mm, as the general salt in Guatemala is coarse. The spread in lithium content was checked, after packing the salt in 40 plastic bags of 250 g, by taking samples of 10 g from every fourth bag and analysing it at Wageningen Agricultural University. The samples showed a mean content of 1.575 g Liakg of salt (CV: 3.7%). The 10 kg lithium labelled salt available for this study was calculated to be suf®cient to study salt consumption in nine families.
Subjects
Nine Buena Vista mothers and their sons, aged 6 ±9 y, participated in this study. They were selected primarily on their willingness to participate, therefore, a highly cooperative study population was enrolled. Consent of the mothers for themselves and their sons was requested and provided only after they had been given a full explanation of the study in their own language. The Human Studies Committee of CeSSIAM approved the study protocol.
Experimental design
The experimental design is shown schematically in Figure  1 . The experimental period lasted 10 d for each family. Each week on Wednesday, three families commenced with the study. In order to limit disturbance of family life, no major activities were carried out during the weekend. For all families, urine and salt collections took place on Tuesday, Wednesday and Thursday, while the 24 h recalls were carried out on Wednesday, Thursday and Friday in order to Figure 1 Experimental design.
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A Melse-Boonstra et al assess food intake on the collection days. The ®eldwork took place in January and February, 1996. For the lithium marker technique, on day 0, that is, one day before the start of the intervention the subjects collected urine for 24 h in order to provide a baseline population-average for the excretion of lithium, sodium and chloride. The ®rst urine voided on rising was not collected, but all subsequent urine voided over the next 24 h period, including the ®rst urine voided on the following day, was collected. Collection of baseline urine was important for two reasons. Firstly, since water and some vegetables may be a source of lithium (Sanchez-Castillo et al, 1987c), we were able to correct for any lithium that was not provided by the intervention. However, no correction for baseline lithium excretion was made because it was negligible (`0.005 mmolad). Secondly, the baseline excretion of sodium and chloride would enable any major variation to be detected in overall behaviour related to dietary sodium sources produced by the complex intervention of salt replacement, urine collections and frequent interviews. During the experimental days, the nine families used only the lithium-labelled salt instead of their usual household salt. The investigators collected all regular salt in the households so that no unlabelled salt was available in the household during the study. At the conclusion of this study the salt was returned to the families. On days 7, 8 and 9, 24 h urine samples were collected. Urine collections were planned and timed so as to avoid the dates of the next expected menstrual period of the mother. No internal or external marker for the completeness of urine collection was employed because we regarded the extra burden for the participants as not acceptable. Instead, we chose to rely on careful questioning of the mother regarding any breaks in protocol. When any doubt as to the quantitative certainty of a full 24 h collection arose, such samples were not analysed. A total of 16 urine-days (22%) in 11 subjects were deleted based on the incompleteness-of-collection criterion. As all children went to school during the day, the help of the headmaster and teachers of the village school was sought. Teachers were informed which children were scheduled to collect urine. Small personal collection bottles were left with the teachers and given to the children when they left the classroom to go to the toilet. Concentrations of lithium and sodium were determined with an atomic absorption spectrophotometer (Perkin-Elmer 2380, Norwalk, Connecticut, USA), and urinary chloride was measured using a coulometric method with a Chloor-o-counter (type 77, Marius, Utrecht, The Netherlands). All measurements were carried out in duplicate.
For the interview method, 24 h recalls were carried out with salt as a speci®c topic in the interview. Subjects were ®rst interviewed at baseline and then one day after each urine collection day, that is, on days 8, 9 and 10. We asked the female head of household about food preparation for the whole family and about the individual consumption of foods and beverages by the mother and by her index child on the previous day. Salt in food or beverages consumed outside the home was not regarded as discretionary, therefore no attempt was made to estimate this intake. The method was a combination of an interview with weighing and measuring the amounts of foods which were indicated as having been eaten (Menchu Â, 1991) . A trained Guatemalan nutritionist-dietician carried out the interviews, accompanied by a Cakchiquel-speaking translator from the Buena Vista community.
For the duplicate portion method, the person in charge of the cooking was instructed to place the same amount of salt used during the cooking in a labelled plastic box (family salt box) each time food was prepared. In our study the mothers in the households were solely responsible for cooking. In addition, mother and child were asked to put the same amount of salt that they added to their food during the meal into a labelled plastic box (individual salt box) brought to the dining area. In order to limit changes in behaviour with respect to the addition of salt, subjects were instructed to maintain their usual behaviour, using either their hands or utensils for adding salt to the food and placing it in the duplicate portion boxes. The contents of each box were collected and weighed on a digital scale to the nearest gram. The proportion of the salt in the family salt box consumed by mother and her child was estimated from the 24 h recall data.
Mathematical calculations
Assuming that dietary chloride not originating as sodium chloride was negligible, total salt (NaCl) intake was calculated from the urinary output of chloride. Daily discretionary salt consumption was calculated for each individual by dividing urinary lithium excretion by the proportion of lithium in the salt (1575 mg Liakg salt; CV: 3.7%). Individual means were calculated from data of those days that urine collection was complete. From these data, group means for mothers and of children were calculated.
Mean intake of energy, fat, protein, carbohydrate and sodium was calculated using food composition tables for Mexico (Mun Äoz de Cha Âvez et al, 1996) and Latin America (INCAP-ICNND, 1961) . The Mexican tables were used because sodium content of foods is not included in the Latin American food composition databases. The food composition table of Mexico used for this study contained analyses of the sodium content of some foods but was incomplete for a number of the foods reported in Buena Vista. This produces an intrinsic underestimation to the value provided for total sodium intake relying on food composition tables.
Statistical analyses
All statistic calculations were carried out using SAS, version 6.09 (SAS Institute Inc., 1989). All variables were checked for normality using tests for skewness, Kurtosis, ShapiroaWilk, Stem Leaf and Normal probability plots. Descriptive statistics were calculated for each variable. As the data were normally distributed (with a number of minor exceptions), means of the estimates obtained with the lithium marker technique (reference method) were compared with those obtained by 24 h recall and double portion method using the paired Student's t-test. Spearman correlation coef®cients were used to relate the reference method with the other two methods.
Results
The mean age of the mothers was 37.4 y (median: 40 y; range: 25 ±46 y) and of the children 8.1 y (median: 8 y; range: 6 ±9 y). Mean volume of 24 h urine collections was 1.10 AE 0.24 L (mean AE s.d.) (median: 1.12 L; range 0.58± 1.70 L) for mothers and 0.56 AE 0.24 L for children (median: 0.61 L; range 0.21 ±1.27 L). The difference in mean urine volume between mothers and children was statistically signi®cant (P`0.001). Of the 72 urine collections, 56
Estimation of discretionary salt intake A Melse-Boonstra et al (78%) were complete according to self-report criteria. The results described are based on data from the complete collections.
The average discretionary salt consumption, as determined by the lithium-marker technique (Table 1) , was found in the mothers to be 3.9 AE 2.0 gad (mean AE s.d.) (median: 3.4; range: 0.7 ±9.4 gad) while for children, 1.3 AE 0.6 gad (median: 1.3; range: 0.4 ±3.1 gad); mean values for mothers and children being signi®cantly different (P`0.01).
According to the 24 h recall method, the discretionary salt consumption was 7.4 AE 4.9 gad (median: 6.3; range: 2.2± 17.2 gad) for mothers and 3.7 AE 1.9 gad (median: 3.4; range: 2.2 ±8.2 gad) for children, a signi®cant difference between groups (P`0.05). Ingestion of energy, protein, carbohydrate, fat and sodium from non-discretionary sources (intrinsic to foods) for mothers and children are listed in Table 2 .
The duplicate-portion method showed higher mean values for discretionary salt intake, namely 12.8 AE 6.5 gad (median: 10.1; range: 8.5 ± 28.0 gad) for mothers and 7.1 AE 4.5 gad for children (median 6.2; range: 2.4 ± 16.9 gad). The maternal-offspring difference disappeared with this approach to calculating intake (P b 0.05). Minor breaches in the protocol were detected; these included that:
(1) for one mother the portion meal size could not be calculated with the 24 h recall; (2) two families did not collect duplicate portions on the ®rst collection day; and (3) one family did not collect duplicate portions at all.
Values for discretionary salt consumption obtained by 24 h recall were 90% greater, on average, than the estimate given by the lithium-marker method for the mothers, and 185% greater for the boys. Use of table salt according to 24 h recall is 16% and 11% of total discretionary salt consumption for mothers and children, respectively, with salt added in cooking constituting the remainder.
Compared to the 24 h recall reporting on salt use, the duplicate portion method gave values that were approximately 73% and 92% higher for mothers and children, respectively. The duplicate-portion values, moreover, were 228% greater, on average, than the estimate given by the lithium-marker method for the mothers, and 446% greater for the boys, Table 1 provides a summary of these ®ndings. According to the duplicate portion method 46% of the discretionary salt is used as table salt.
Due to the broad inter-individual variability within a small population of nine family units, the mean discretionary salt consumption of mothers using the 24 h recall method did not differ signi®cantly from the results of the lithium-marker technique, although the outcome of the 24 h recall method is almost two-fold higher; for children, the inter-method difference was signi®cant (P`0.02). Estimates from the duplicate-portion method were signi®cantly different for both the maternal and the sons' groups as compared to the lithium-marker technique, respectively (P`0.03 and P`0.02).
In terms of rank-order associations, for mothers the Spearman correlation coef®cient for the 24 h recall vs the lithium-marker technique was 0.76 (P`0.01). For the duplicate-portion method vs the lithium-marker technique it was also 0.76 (P`0.01) in the maternal group. For children, the coef®cients were 0.70 (P`0.05) and 0.54 (P`0.05), respectively.
The inter-person variation of discretionary salt consumption is expressed in the coef®cients of variation (relative standard deviation) of the mean salt consumption (1996) . b High baseline value is due to a large value in one mother-son pair.
Estimation of discretionary salt intake A Melse-Boonstra et al (Table 2 ). For mothers, these were 51.7%, 65.8% and 51.0% according to the lithium-marker technique, 24 h recall method and duplicate portion method, respectively, and for children 43.7%, 50.7% and 62.6%. Day-to-day variation in salt consumption was 36.8% for mothers and 44.0% for children, according to the lithium-marker technique (Table 3) . Except for household salt few other sources of salt in the daily food intake were found in this community. Most important of these is a seasoning for beef or chicken, packed in little sachets. Other sources are cookies (sweetened) and crackers (salted), crisps and foods bought outside the home, such as tamales or chuchitos (foods made from maize dough baked in broad leaves and usually stuffed with meat or chicken).
Discussion
Many methods are used to measure the intake of foods and nutrients by individuals and populations but, where possible, methods should be calibrated against or validated in terms of a biologically-based`gold standard' method (Dyer et al, 1997; Kaaks, 1997; Ocke Â & Kaaks, 1997; Bingham & Day, 1997) . We believe that the lithium-label method has been established as a suitable, biological reference method for tracking the actual consumption of household salt by individuals (Leclerq et al, 1990) . Our ®ndings indicate that the 24 h recall and duplicate portion method provide a rankorder for individuals within a population that is relatively consistent with the actual relative hierarchy as established by a gold-standard method. Hence for correlation analysis or for relative-risk studies, these techniques are useful.
For the estimation of the total amount of salt from food prepared and consumed in the home these methods may provide a gross overestimation. The estimates obtained from the 24 h recall were twice those obtained with the lithium label method. From this it could be inferred that more than 100% of all excreted sodium would have come from discretionary sources. With the duplicate portion method, estimates of discretionary salt intake were three times those provided by the reference method. Such values were higher than the total amount of sodium excreted in urine.
As pointed out by Sanchez-Castillo et al (1984) , imperceptible losses of the salt between the source of the salt supply and the target food occur in both the kitchen and at the table. Assuming that the duplicate amount of salt added to the salt boxes was representative of that being added to cooking pots and to meals in Buena Vista, nearly two-thirds of this salt never passes the lips. This accounts for part of the over-estimation of discretionary salt intake by the dietary methods. This is possibly combined with a tendency to overestimate, rather than underestimate, the visual perceptions of salt being used in terms of that actually being added in a discretionary manner. Therefore, while taking advantage of the acceptable ®delity of the ranking of a population's relative rank-order of discretionary salt consumption, one must be extremely cautious with the use of the absolute values for estimated total intake of salt from discretionary sources as provided from interview methods.
In terms of customary intake of salt from discretionary sources, people vary greatly one from another. The coef®-cients of variation of b 50% for all methods attest to this. Day-to-day variation in household salt consumption was in the 37% (mothers) to 44% (children) range, for three consecutive days, Tuesday to Thursday. This is comparable to the 36% for variation observed in the Italian population by Leclerq et al (1990) .
By not using an objective criterion for completeness of urine collection we took the risk of underestimating the real salt consumption of our subjects. Mean urine volume and ion excretion for mothers was consistent over the 4 d of urine collections; for children the urine volume and ion excretion had decreased signi®cantly during the experimental days compared to the baseline (Melse-Boonstra et al, 1998). However, even when assuming an under collection of 40%, a discretionary salt intake of 1.8 gad is still only half of the salt consumption as measured with the 24 h recall and a quarter as measured with the double portion method.
At the group level, no signi®cant difference in salt consumption between days was shown, according to the lithium marker technique. As the measurements were always made on the same days (Tuesday through Thursday) and the missing data were evenly distributed over days we think the breaches in the protocol did not lead to systematic error in the comparisons.
Our primary programmatic interest in Guatemala with intake of discretionary salt had less to do with chronic diseases or clinical dietetics than with the problem of iodine de®ciency disorders (IDD). IDD is endemic to Guatemala, and despite legislation mandating the iodization of table salt, a substantial prevalence of IDD remains (Martõ Ânez, 1988) . Implementation of the legislation calls for commercial salt to contain from 30 ± 100 mgakg (ppm) of iodine. The national median in a national survey lay between 15 ± 30 mgakg (ppm) (Ministerio de Salu Âd Publica y Asistencia Social, 1996) . With the incomplete iodization shown by this national survey, and con®rmed by another Guatemalan study (Stewart et al, 1996) , it would require a daily intake of 4 ± 8 g of household salt by children and 5± 10 g by adults to achieve the recommended intake of iodine from this source, which is 120 mg and 150 mg iodine per day for children and adults, respectively (Melse-Boonstra et al, 1998). 44.0 (2.6 ± 82.5; n 6) a 24 h recall method 47.9 (17.5 ± 108.6; n 9) 43.5 (10.3 ± 108.6; n 9) Double portion method 34.7 (10.0 ± 72.9; n 9) 54.2 (14.2 ± 82.8; n 9) a If urine collections were missing for one day the CV was calculated over two days.
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As planners and policy makers might base their judgements on the iodine protection of the population by indirect assessments of salt intake based on interviews, it was essential to test the validity of these approaches. The various methods in current use have a number of pitfalls and caveats. The household disappearance method often assumes a uniform distribution within the family unit. As much research with alternative methods (Martõ Ânez-Salgado et al, 1990 Ânez-Salgado et al, , 1993 Engle & Nieves, 1993) consistently shows a lower food intake by children than by adults consistent with their differential physiological needs, the assumption of uniform intra-family partition is erroneous. More importantly, the household disappearance method assumes that household members consume all salt entering the home. The method does not take into account salts consumed by pets or used for other purposes. Interview methods do not take into account losses of salt during food preparation. Sanchez-Castillo & James (1995) found that only 15± 35% of cooking salt is retained when vegetables are cooked in salted water. Secondly, estimation of salt intake from food consumption data requires reliable data on the sodium content of foods. In the third place, in a largely illiterate population, interview methods may be less applicable than in literate populations.
Conclusions
We have examined the ability of the 24 h recall and duplicate portion method to determine the use of discretionary salt in Guatemalan homes in relation to a biologically-based`gold standard' method. Within the constraints of interpretation from the small sample population size that we could enrol, we conclude that 24 h recall and duplicate portion methods overestimate the actual intake of salt from discretionary sources. The results of this small study might provide a reasonable approach for examining associations between high and low consumption of this condiment with health. To examine such associations, a wider study is however required.
